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TITU  OF  PROJECT:  Physical,  Chemical,  and  Biophysical  Characterization  of 

Ylrusos  and  Virus  Systet£>. 

Objectives: 

A.  To  determine  the  nature  and  functional  anatomy  of  virus  particles. 

B*  To  detemlxve  the  interact loxxs  between  bacteriophage  virus  x^urtl- 
cles  which  lead  to  infection  of  the  coll  and  to  thJ  formation  of 
daughter  virus  particles. 

C*  To  promoto  naval  applications  of  the  knowledge  gained,  especially 
in  the  fields  of  sESdiclne  £md  physics. 

Abstract  of  Results 


Since  start  of  project; 

1)  Wo  have  found  that  ceirtain  strains  of  the  phages  T4  and  t6 
require  activation  by  on  L^onino  acid  like  tryptophan  before 
they  are  adsorbed  on  their  host  cells.  This  requirement  is 
izibsrlted  and  in  some  cases  seems  to  be  met  by  the  synthesis 
of  adsorption  cofactors  by  the  host  cells  which  *^00  make 
themselves  susceptible  to  the  virus's  attack. 

2)  Gross  artifacts  in  drying  specimens  for  the  electron  micro- 
scope can  bo  eliminated  ty  vanning  the  ambient  liquid  above 
its  critical  pc»int  and  allowing  the  gas  to  escape  at  this 
tei^ratuze  . In  this  way  no  phaso  boundary  passes  through 
the  opocimen.  By  mesjus  of  this  technique  we  have  found  that 

a)  The  heads  of  the  related  phages  T2,  T4,  and  T6  appear 
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to  have  the  shapes  of  hoxogoaal  bipricms  as  does  that  of 
thi3  uaroiated  piiaG©  T5.  After  the  interoal  structure 
(iSi/'-)  has  been  removed  bj’-  osmotic  shock  the  empty  head 
membranes  toad  to  retain  this  chape. 

b)  The  viruses  T2,  TU#  T5>  and  t6  all  of  vhich  have  "tails” 
attach  to  host  cells  by  their  "tails." 

3)  Small  ^ wc. 3.6  5 G **  bacteriophages  like  T3  are  id  Distant  to  sonic 
vibration  so  that  virus  moltiplication  cea  bo  studied  by  dls- 
r.tpting  host  sells  during  virus  fprowth  and  studying  their  oon- 
tentCc  in  this  way  it  was  diof.->v? 'ahat  the  infecting  parti- 
cles inalce  their  appearance  only  after  2/3  of  the  time  required 
for  lysis  has  been  allowed  for  their  development. 

U)  Noutralizing  antiserum  can  apparently  bo  stripped  from  T3  hy 
sonic  vibration  to  yield  active  T3  particles. 

5)  The  largo  phages  T2,  t4,  and  t6  can  be  disintegrated  by  plac- 
ing them  in  a concentrated  solution  of  NaCl  or  some  other 
solute  and  then  rapidly  diluting  in  water.  If  the  dilution 
is  made  clovly  the  phages  ore  not  disintegrated;  for  this  rea, 
son  the  phenooenon  has  boon  termed  "osmotic  shock."  The  virus 
particles  in  a given  prepara tiai  are  inhomogeneoas  with  rsspoct 
to  ocsiotic  shocks  some  being  sensitive;  others  resistant.  The 
proportion  of  resistant  fozmic  increases  os  the  temperature  is 
zalsod  and  decreases  as  the  tonperatusre  is  lowered.  The  rates 
of  these  trf^fozmations  have  been  n^asurod.  The  low  tempera- 
ture form  is  inactivated  dii^sctly  by  2.2H  sucrose,  but  the 
htt^  torperatusre  form  is  not  inactivated  in  the  prosonce  of 
Tween  60.  It  is  supposed  that  these  chnngas  in  properties  of 
T6r  are  due  to  changes  in  the  permeability  of  the  bead  mesd>ranoe 
of  the  virus  particles. 

® eurrort  report  poriodi 

1)  An  attempt  was  mode  to  measure  the  permeability  of  the  mem- 
branes of  the  beads  of  T-oven  phages  by  observing  the  rate  of 
quenching  cf  the  fluorescence  of  the  dye  ocriflovlne  as  it 
penetrates  the  head  and  combines  with  the  nucleic  acid 
within.  It  was  found  (a)  that  the  dye  combines  rapidly  with  the 

of  shj'ked  or  hoat^killed  phage;  (b)  that  the  dyo  conblneo 
very  siUwj.y  :flth  the  Ki'i  of  intact  active  phage  below  60C  but 
more  rapldiy  la  the  prieseace  of  detergents;  and  (c)  that 
combinatioj/  is  reversed  In  the  presence  of  ions  ou^  no  H ; Ha'*', 
or  Mg’*"*"  \^iich  presumably  displace  the  dye  from  sites  on  the 
roiclelc  acid, 

2)  Dr,  Rappapor-;*.  has  been  studying  adaptive  enzyme  formtion  in 

yoast  as  cii  -^i^ample  of  the  synthesis  of  specific  biological 
mteileX^  finds  that  in  air  the  cells  utilize  glucose  at 

Icnr  CSC r.centrrit ions  mainly  through  rospiratlon,  but  that  after 
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about  tvo  hourc  in  air  trlth  hich  "lucoso  concentrations  the 
cells  suddenly  beEin  to  ferraent  slucoso  as  veil.  This  in- 
croaced  fcnaentation  reacts  to  and  temperature  in  the  sonio 
vay  os  anaerobic  fenoen’-.ation  but  it  reacts  differently  from 
the  small  fermentation  vhich  is  observed  initially  in  air. 

The  hormone  insulin  accelerates  the  appearance  of  the  anaerobic 
type  of  fermentation  in  air. 

These  results  indicate  that  there  are  at  least  two  different  pathways 
for  the  utilization  of  Glucose,  an  aerobic  pathway  and  on  alternate 
adaptive  pathway.  The  latter  pathway  nay  bo  ostabllshed  ^on  the  aero- 
bic system  Is  blocked  or  saturated  the  accumulation  of  some  inter- 
mediate irhlch  is  comon  to  the  two  syotons. 

Plans  for  Future  t 

Immediate; 

Dr,  Eappaport  will  use  Dr,  Chance’s  spoctrophotometric  techniques 
to  follow  the  formation  of  adaptive  enzymes  and  investigate  further 
the  role  of  insulin  in  her  system.  Dr,  /ndorson  will  stu^  further 
the  nature  of  osmotic  shock. 

Long  Range; 

As  see  it,  our  basic  task  is  to  learn  the  physics  and  chemistry 
involved  in  the  specific  redi^lication  of  biological  units.  At 
present  the  bacteria?,  viruses  oocsm  to  be  the  best  material  for 
this  study,  but  ve  shall  be  on  the  lookout  for  matorial  \dilch  is 
even  more  favorable  for  the  pursuit  of  this  basic  task.  The  for- 
mation of  adaptive  enzymes  may  be  such  a system, 
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